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clectrical contact with the plug region and with conductive
regions of the first body. To form the plug region, trenches
are dug 1n a first water and are filled, at least partially, with
insulating material. The plug region 1s fixed to a metal region
provided on a second waler, by performing a low-
temperature heat treatment which causes a chemical reaction
between the metal and the silicon. The first wafer 1s thinned
until the trenches and electrical connections are formed on
the free face of the first wafer.

20 Claims, 6 Drawing Sheets

10




US 6,498,053 B2

Page 2
U.S. PATENT DOCUMENTS 6,087,719 A 7/2000 Tsunashima ................ 257/686
_ 6,118,181 A * 9/2000 Merchant et al. ........... 438/109
4?6605066 A 4/1987 Reld ........................... 357/30 6?2285675 Bl * 5/2001 Rllby etal. ... ... .. 438/106
4,807,021 A 2/1989 Okumura ............eeen.n... 357775 6,265246 Bl * 7/2001 Ruby et al. .oovevve.... 438/107
4939568 A 7/1990 Kato et al. ooieiiinnnnen. 357775 6362518 Bl 3/2002 Yatsuda .........ooovvn.. 257/678
5,270,261 A 12/1993 Bertin et al. ................ 437/209 6376280 Bl * 4/2002 Ruby et al 438/118
5,640,049 A 6/1997 Rostoker et al. ............ 257/758 S B S
5,756,395 A 5/1998 Rostoker et al. ............ 438/622

5,872,025 A * 2/1999 Cronin et al. ............... 438/109 * cited by examiner



U.S. Patent Dec. 24, 2002 Sheet 1 of 6 US 6,498,053 B2

2/‘3 /23 - 2a\ /1

B - — — ),

| / | | I, #1 J

] ‘ >
A , 1/6\” 1g. | /f:"\ 1




U.S. Patent Dec. 24, 2002 Sheet 2 of 6 US 6,498,053 B2

5 s,
5§ 27 4
226) \ o P24] 23 R AN ?‘{*“742:6 | ?
121] {\ﬁ L e
1 . i II_SJ o< ﬁi r r = J
/ /L/’ J — / / 7’
7 23 1 107 ¢ ﬂ 1g 23 "
<
| 10
~1g.5
oh
1 B 26 242b2b 2b 8 2/ 1025
S N Y < A % 5
J SIHNEEIRE 5 11a]
[f = {f = W | — |
[ ]
RS S 8 23 1 1)0
<< <
. A ) L
~19.6
| :




U.S. Patent Dec. 24, 2002 Sheet 3 of 6 US 6,498,053 B2




U.S. Patent Dec. 24, 2002 Sheet 4 of 6 US 6,498,053 B2

o
29>:5 635 35 ?‘144 / ﬁzﬁ 5
SRR s T

= = 1 |

- 23
23 13 1 < | 12
| 7 TK !
. A 40/ V4 S A A “]1'
- 10
-1g. 11
50
" A s )
! ' ™ T
23 l ~ } 48 23 49
49 - 1
N \ae— i =) |
54| 3 |5 22 SE
(r /%é::: e LTTI
235 - *‘{ % 1 23a )
J | o
ﬂ ﬂ 5? A A 51"
-1g.12
55 5/ 55 55 [
} ] LLT / - /L I'([ %
76/¢Z§ [N~76 /L 73 [JK
m\ /6 /5
< 794 /23 S
{ A "~ A )




U.S. Patent Dec. 24, 2002 Sheet 5 of 6 US 6,498,053 B2

57 59
50a ?2 69.3;9/60b 58 S'C/)b / 6‘83 56 1
o Wy )
L HAN
1] T L { ) r ; T:[I il
| 70 70 /6 70 )
< ) ) A / |
{
| 53
~1g.14 -
e R i 7§b/2 835 57 72 gp7ea 7g7§a 1
* = ' e J
B . || / (AN ’7
< / ,LLr — ]| ' : ‘#5)3{ f_(_i,ﬂ-—[{,—;j 5}4
62 |1 60 - B0a { )
L " s L > 53 o= [0
=1 s
J 23 "2(3 Jal i % —'*—-;% 23 <
A 40/ A . 16/
Fig. 15
76




U.S. Patent Dec. 24, 2002 Sheet 6 of 6 US 6,498,053 B2

76 L 29 80. | 26 ______29 A 531
50b | 73
_ } X
28 c0a ‘-@; P_gg
q Ly e
T =y 10
~1g.17
55b 8
i 554 1 / & e X gy
Nl i A
. 00— @ﬂ */66 __5§ @g_ oy
) | [ |
( ] ! ( . > / .. -1)
LAY v A
53
~19.18
. e
) (- /L / J L]
e e e e o)
NT e 11 6541] 56
jE= B 56~ |66
I i J




US 6,498,053 B2

1

PROCESS OF MANUFACTURING A
COMPOSITE STRUCTURE FOR
ELECTRICALLY CONNECTING A FIRST
BODY OF SEMICONDUCTOR MATERIAL
OVERLAID BY A SECOND BODY OF
SEMICONDUCTOR MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATTON

This application 1s a division of U.S. patent application
Ser. No. 09/844,180, filed Apr. 27, 2001, now pending,
which application 1s 1ncorporated herein by reference 1n 1s
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention regards a structure for electrically
connecting a first body of semiconductor material overlaid
by a second body of semiconductor material, a composite
structure using the electric connection structure and a manu-
facturing process.

2. Description of the Related Art

In particular, the mnvention can be used for electrically
connecting a first silicon wafer incorporating electronic
components to a second silicon wafer 1ncorporating a micro-
mechanical structure and/or to the outside. The 1nvention
can likewise be used for electrically connecting the first
waler to a third body carried by the second water, as well as
for connecting the first wafer to the outside when the first
waler 1s covered by a protection structure, and thus 1s not
directly accessible. An example of a particular application 1s
represented by a micro-electromechanical system mncluding
a first wafer incorporating a circuit for controlling the
parameters defining the state of a micro-electromechanical
structure (for example, the position of a microactuator); a
seccond wafer incorporating the micro-electromechanical
structure; and a third wafer forming a cap for protecting the
micro-clectromechanical structure.

Various techniques are known for mechanically connect-
ing two semiconductor material bodies (see, for example,
Martin A. Schmidt, “Wafer-to-Water Bonding for Micro-
structure Formation”, Proceedings of the IEEE, Vol. 86, No.
8, August 1998). However, such techniques do not enable
two or three wafers to be electrically connected, 1n addition
to be mechanically connected, or covered components of
one of the wafers to be electrically accessed.

BRIEF SUMMARY OF THE INVENTION

An embodiment of the present invention provides a
connection structure that enables semiconductor material
bodies made on different substrates to be overlaid and to be
connected mechanically and electrically together and to the
outside.

According to embodiments of the present mmvention, an
clectric connection structure, a composite structure, and a
process for manufacturing a composite structure are pro-
vided. The electric connection structure connects a first
silicon body to conductive regions provided on the surface
of a second silicon body arranged on the first body. The
clectric connection structure includes at least one plug
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region of silicon, which extends through the second body; at
least one insulation region laterally surrounding the plug
region; and at least one conductive electromechanical con-
nection region arranged between the first body and the
second body, and in electrical contact with the plug region
and with conductive regions of the first body. To form the
plug region, trenches are dug 1n a first water and are {filled,
at least partially, with 1insulating material. The plug region 1s
fixed to a metal region provided on a second wafer, by
performing a low-temperature heat treatment which causes
a chemical reaction between the metal and the silicon. The
first water 1s thinned until the trenches and electrical con-
nections are formed on the free face of the first wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present mvention, pre-
ferred embodiments thercof are now described, merely to
provide non-limiting examples, with reference to the
attached drawings, wherein:

FIGS. 1 and 2 are cross-sections through a semiconductor
material waler, 1n two successive manufacture steps, accord-
ing to a first embodiment of the invention;

FIG. 3 shows a cross-section through the wafer of FIG. 2,
after bonding to a second semiconductor material wafer;

FIGS. 4-6 show cross-sections of the multiwater structure
of FIG. 3, 1n successive manufacture steps;

FIG. 7 1s a perspective view of the left-hand half of the

multiwafer structure of FIG. 6;

FIG. 8 shows a cross-section of the multiwafer structure
of FIG. 6, 1n a final manufacture step;

FIGS. 9-11 show cross-sections of a micro-
clectromechanical system according to a second embodi-
ment of the invention;

FIG. 12 shows a cross-section of a composite structure
formed starting from three semiconductor material
substrates, according to a third embodiment of the invention;

FIGS. 13 and 14 show cross-sections of a semiconductor
material wafer, in two successive manufacture steps accord-
ing to a fourth embodiment of the invention;

FIG. 15 shows a cross-section of the wafer of FIG. 14
after bonding to a second semiconductor material wafer;

FIG. 16 shows a cross-section of a composite structure
obtained from the double wafer of FIG. 15, in a subsequent
manufacture step;

FIG. 17 shows a cross-section of a composite wafer,
according to a fifth embodiment of the invention; and

FIGS. 18 and 19 show cross-sections of a composite
waler, according to a sixth embodiment of the mnvention, 1n
ftwo successive manufacture steps.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1-8 show a first embodiment of a process for
manufacturing a micro-electromechanical system, including
a control and sensing circuitry and a micro-
clectromechanical sensor, for example an acceleration sen-
SOT.

Initially, as 1illustrated mm FIG. 1, a first waler 1 of
semiconductor material, typically P™" or N doped monoc-
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rystalline silicon, 1llustrated as sectioned along two parallel
half-planes so as to show different arcas 1n the left-hand half
and 1n the right-hand half, 1s masked and etched to form first
deep trenches 2a. For example, the first wafer 1 may have a
conductivity of between 5 and 15 m€2/cm, preferably 10
m&2/cm. As shown 1n FIG. 2, the first trenches 2a have a
closed shape and enclose monocrystalline silicon plug
regions 3 intended to form through connections, as
explained more clearly hereinafter.

Subsequently, the first trenches 2a are filled, either com-
pletely or partially, with insulating material 6, for example
silicon dioxide. To this end, a silicon dioxide layer 1is
deposited or grown, and 1s subsequently removed from a

first surface 7 of the first water 1, to obtain the structure
shown 1n FIG. 2.

Next, as 1llustrated 1n FIG. 3, the first wafer 1 1s bonded
to a second wafer 10 formed of a monocrystalline silicon
substrate 11 and an 1nsulation and/or passivation layer 12. In
particular, the substrate 11 houses conductive and/or 1nsu-
lating regions forming electronic components for biasing the
acceleration sensor 8 and for detecting and processing
clectrical signals generated by the acceleration sensor 8. As
an example, FIG. 3 shows conductive regions 15-16 of the
N/P-type belonging to an electronic circuit 40, which 1s
shown only schematically. In addition, the insulation and/or
passivation layer 12 houses metal regions 13, 18, which
terminate, at one or both of their ends, with pad regions 19
facing the surface 22 of the second wafer 10.

Connection regions 23 are provided on the surface 22 of
the second wafer 10, on top of the pad regions 19, and are
of a metal that 1s able to react at a low temperature with the
silicon of the first wafer 1 to form a gold/silicon eutectic or
a metallic silicide. Typically, the connection regions 23 are
made of gold, in the case where the aim i1s to obtain a
cutectic, or of a metal chosen from among the group
comprising palladium, titanium, and nickel, 1n the case
where the aim 1s to obtain a silicide. Bonding regions 24 are
also provided on the surface 22 and are preferably formed at
the same time as the connection regions 23.

For bonding the first wafer 1 to the second water 10, the
first wafer 1 1s turned upside down so that the first surface
7 of the first wafer 1 faces the second wafer 10. The plug
regions 3 of the first waler 1 are brought into contact with
the connection regions 23 of the second wafer 10, and
subsequently a heat treatment at low temperature, for
example 350-450° C., is carried out for a period of 30—45
minutes, so that the metal of the connection regions 23 of the
second wafer 10 react with the silicon of the plug regions 3
and form a metallic silicide which bonds the first and the

second waters 1, 10. Thereby, a double wafer 25 1s obtained,
as shown 1n FIG. 3.

Subsequently, as illustrated 1n FIG. 4, the first wafer 1 1s
thinned from the back mechanically, for example by
orinding, preferably so as to obtain a thickness of 30—40 um.
The first wafer 1 then has a second surface 26 opposite to the
first surface 7.

Next, as illustrated 1n FIG. 5, a metal layer, for example,
an aluminum layer, 1s deposited and defined, so as to form
metal regions 27 extending above the plug regions 3 and 1n
direct electrical contact with the latter.
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Subsequently, the first wafer 1 1s masked and etched so as
to form second trenches 2b defining an acceleration sensor
8. In particular, as may be seen 1n FIGS. 6 and 7, the second
trenches 2b separate a mobile region, forming a rotor 4, and
a fixed region, forming a stator 5, from the rest of the wafer
1 and from one another. The rotor 4 1s connected, through
clastic-connection regions, also referred to as springs 31, to
fixed biasing regions 32, which are set 1n arcas correspond-
Ing to respective connection regions 23, connected, through
the metallic regions 13, to the plug regions 3.

Next, as 1llustrated in FIG. 8, a cap element 34 1s fixed to
the water 1 through adhesive regions 36, 1in a per se¢ known
manner, and then the double wafter 25 1s cut into 1ndividual
dice. Finally, the metal region 27 1s contacted applying the
usual wire-bonding technique.

Thereby, the connection regions 23 ensure mechanical
connection between the monocrystalline silicon wafers 1
and 10 and electrical connection between the surface 22 of
the second wafer 10 and the plug regions 3. In turn, the plug
regions 3 allow the second water 10 to be contacted from
above. In particular, some plug regions 3 enable the second
waler 10, not directly accessible from the front, to be
connected to the outside, without requiring costly processes
to be carried out from the back. In addition, as 1s shown 1n
the left-hand half of FIG. 8, this solution also enables
connection of regions formed in the first wafer 1 to the
outside. Here the rotor 4 1s connected to the outside through
a first connection region 23 (beneath the biasing region 32),
a metal region 13, a second connection region 23 (beneath
the plug region 3), and the plug region 3. The plug regions
3 are msulated by insulation regions formed by the msulat-
ing material 6 and possibly by the air present in the first deep
trenches 2a, and are thus electrically insulated from the rest
of the first wafer 1, except, obviously, for the regions
connected to them via electric connection lines 30, shown 1n

FIG. 10.

With the solution of FIGS. 1-8 a pressure sensor, instead
of an acceleration sensor, may be formed.

FIGS. 9-11 show a second embodiment of the invention
regarding a unit for micrometric regulation of the read/write
head of a hard-disk driver. In detail, mnitially the same steps
are carried out as described previously with reference to
FIGS. 1-4. After thinning the first wafer 1, an oxide layer 35
1s deposited and removed selectively at the plug regions 3 to
form openings 28. The second trenches 2b are then formed
through the oxide layer 35 and through the wafer 1.

Subsequently, as 1llustrated 1n FIG. 10, an 1nsulating layer
38 1s deposited, for example a stick foi1l which does not enter
the second trenches 2b. The insulating layer 1s removed from
above the openings 28, and metal connection regions are
formed by depositing and defining a metal layer. In
particular, in the 1llustrated example the metal layer fills the
openings 28, where 1t forms contacts 29. In addition, an
electric connection line 30 1s formed and extends from the
contact 29 arranged above the plug region 3 furthest to the
right, up to above the rotor 4.

Subsequently, the composite waler 25 1s cut 1nto dice, the
insulating layer 38 1s removed 1n oxygen plasma, and a
ceramic body, referred to as slider 41, 1s bonded to the rotor
4 in a per se known manner (FIG. 11). The slider 41 carries
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a transducer 42 for data reading/writing on a hard disk (not
shown). The transducer 42 is electrically contacted through
connection regions 43, one of which may be seen in FIG. 11,
which are formed directly on one side of the slider 41. Each
connection region 43 extends from the transducer 42 as far
as a pad 44 m electrical contact with an electric connection

line 30.

Thereby, the plug region 3 furthest to the right enables
clectrical connection between the transducer 42 on the slider
41 and the electrical circuit 40, which can thus transmit to
the transducer 42 the data to be written, or process the signal
picked up by the transducer 42. In addition, in a known
manner, the electrical circuit 40 controls movement of the
rotor 4, and consequently of the slider 41. Finally, a con-
nection via an intermediate plug region (not shown) enables
connection of the electrical circuit 40 to the outside, 1n a way
similar to that 1llustrated in the right-hand part of FIG. 8.

Consequently, also 1n this case the plug regions 3 enable
connection of non-accessible regions of the second water 10
to elements arranged above them (here, the transducer 42),
as well as to the outside.

FIG. 12 shows a third embodiment regarding the manu-
facture of circuits or structures to be kept in vacuum
conditions. In the illustrated example, the water 1, after
forming the plug regions 3 by digeing the first trenches 2a
and {illing them with insulating material 6, has been bonded
to a second wafer 10, wherein a filter 48 has been previously
made, for example of the band-pass type for high frequen-
cies. The first wafer 1 1s bonded to the second wafer 10, not
only through the connection regions 23, but also through a
scaling region 49 which extends between the first wafer 1
and the second wafer 10, and completely surrounds the area
in which the filter 48 1s formed, as well as the plug regions
3. The sealing region 49 1s, for example, made using a
low-melting temperature glass and has a closed shape. It
bonding of the first wafer 1 and second wafer 10 1s carried
out 1n a low-pressure environment, the filter 48 remains
vacuum encapsulated.

Next, the first wafter 1 1s thinned as described above, and
the double wafer 1, 10 1s cut into dice 50. The dice 50 are
then bonded to a third wafer 51 which houses a circuit 52
and which has previously been provided with connection
regions 23a similar to the connection regions 23. The
thinned side of the first wafer 1 faces the third wafer 51, and
the plug regions 3 must be aligned to the connection regions

23a.

In this case, the first wafer 1, in addition to protecting and
isolating the filter 48 from the outside environment and
maintaining 1t 1n vacuum conditions, enables its electrical
connection with the circuit 52 incorporated 1n the third wafer
51. In addition, it 1s possible to carry out electrical testing of

the circuit 52 connected to the filter 48 at the wafer level
(EWS—Electric Wafer Sort test).

FIGS. 13—-16 show a fourth embodiment of the invention.
According to FIG. 13, initially the first wafer 1 comprises a
substrate 53 accommodating first trenches 72a, and the first
trenches 72a are filled with 1mnsulating material 76 to insulate
first plug portions 73, 1n a way similar to that described with
reference to FIG. 1 for the plug regions 3. Then a sacrificial
layer 54, for example of silicon dioxide, 1s deposited or
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orown, then 1s masked and etched so as to form openings 55
on top of the first plug portions 73 and i1n arecas where
anchorages with the structure on top are to be made, as
described hereinafter.

Subsequently (FIG. 14), a polycrystalline silicon seed
layer 1s deposited on top of the sacrificial layer 54 and 1n the
openings 35, and then a polycrystalline silicon epitaxial
layer 56 1s grown. In this way, the epitaxial layer 56 1s in
direct contact with the substrate 53 at the openings 55. Next,
inside the epitaxial layer 56 third and fourth trenches 60a,
60b are dug, which reach as far as the sacrificial layer 54. In
particular, the third trenches 60a delimit second plug por-
tions 62 aligned vertically with the first plug portions 73 1n
the substrate 53, and the third trenches 60a define a desired
micromechanical structure (in the example illustrated, a
microactuator 57 of the rotating type, including a rotor 58
and a stator 59, with the rotor 58 supported by springs,
which are not illustrated).

Subsequently, 1n a known way, a part of the sacrificial
layer 54 1s removed through the fourth trenches 60b. In
particular, the sacrificial layer 54 1s removed benecath the
rotor 38 to form an air gap 63, and 1t substantially remains
underneath the stator §9. The sacrificial layer 54 1s removed
only to a very small extent through the third trenches 60a,
given the different geometry (the micromechanical structure
1s formed by thin regions and/or perforated regions, allow-
ing the sacrificial layer 54 to be substantially removed; this,
instead, 1s not done through the third trenches 60a).

In a way not shown, it 1s then possible to fill the third
trenches, at least partially, with mnsulating material, in a way
similar to that described for the first trenches 2a of FIG. 1.

Subsequently, as illustrated 1n FIG. 15, the first water 1 1s
turned upside down and bonded to the second water 10,
inside which components of the circuit 40 have already been
formed, and on top of which the connection regions 23 have
already been made. Also 1n this case, a low-temperature heat
treatment 1s carried out to enable a chemical reaction
between the silicon of the epitaxial layer 56, at the second
plug portions 62, and the metal of the connection regions 23.
Next, the substrate 53 of the first wafer 1 1s thinned until the
insulating material 76, or at least the bottom of the first
trenches 72a, 1s reached, an oxide layer 35 1s deposited, the
openings 28 are formed 1n the oxide layer 35, and then
second trenches 72b are made which separate fixed parts
from mobile parts in the substrate 53.

Next, as has been described with reference to FIG. 10, an
insulating layer, for example stick foil, 1s deposited and
selectively removed, and the electrical contacts 29 and
electric connection lines 30 are formed. In FIG. 16, an
clectric connection line 30 connects the portion of the
substrate 53 to which the rotor 58 1s anchored, for example
at cap region 67, to the first plug region 73 that 1s furthest
to the left, thus enabling electrical connection of the rotor 58
to the circuit 40 through the cap region 67, the first plug
portion 73 on the left, and the second plug portion 62 on the
left. Shown 1n the right-hand half of FIG. 16 1s instead the
electrical connection between the circuit 40 and the outside,
through the second plug portion 62, the first plug region 73,
and the connection region 23 on the right.

Subsequently, the insulating layer 1s removed, and a body
to be moved, for example a slider similar to the slider 41 of
FIG. 11, can be fixed to the cap region 67.
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The solution shown 1n FIGS. 13-16 thus provides a
micromechanical structure 57 protected by a cap, for
example cap region 67, and easily connects the circuit 40
both to the micromechanical structure 57 and to the outside.

FIG. 17 shows a variation of the structure of FIG. 16, 1n
which the rotor 58 1s not anchored to the substrate 53, but 1s
supported by springs (not shown) and biasing regions 60,
similar to the biasing regions 31, 32 of FIG. 7. In addition,
the cap region 67 1s fixed and does not have the second
trenches 72b. The rotor 58 and stator 59 are connected via
connection regions 23 and pad regions 19 to metallic regions
13, 18 formed 1n the second wafer 10. The metallic regions
13 are connected to the outside, as shown 1n the left-hand
half of FIG. 17, via further connection regions 23 aligned
with plug regions 62, 73 formed 1n the first wafer 1, 1n a way
similar to that described with reference to FIGS. 13-16, and
via contacts 29. In addition, the metallic regions 18 enable
connection of the circuit 40 to the stator 59 and, via plug

regions 62, 73 and contacts 29, to the outside, as shown 1n

the right-hand half of FIG. 17. An msulating layer 80 covers
the surface 26 of the first wafer 1.

FIGS. 18 and 19 show a sixth embodiment, 1n which a
micromechanical structure, for example an acceleration sen-
sor 8, 1s protected by a cap and electrically connected to the
biasing and sensing circuit via plug regions.

Initially, as illustrated in FIG. 18, the first wafer comprises
a substrate 53, which, 1n contrast to the previous
embodiments, 1s not etched to form trenches. On the sub-
strate 53, a sacrificial layer 54 1s deposited and defined, and
1s removed only at openings 55. Next, a polycrystalline
silicon seed layer 1s deposited, and the epitaxial layer 56 1s
orown, as described with reference to FIG. 14.

The epitaxial layer 56 1s etched to form fifth trenches 654
for delimiting second plug portions 64. Here, the fifth
trenches 65a are filled, either partially or completely, with
insulating material 66, sixth trenches 63b are formed for
defining the accelerometric sensor 8, and the sacrificial layer
54 1s partially removed through the sixth trenches 65b, so as
to free the rotor 38 of the acceleration sensor 8. As for the
embodiment shown in FIGS. 1-8, the rotor 38 is carried by
the fixed part via springs (not illustrated).

Subsequently, the first wafer 1 1s bonded to the second
waler 10 using the connection regions 23 already formed on
the surface 22 of the second wafer 10. Then the first wafer
1 1s thinned by grinding until the desired thickness for the
substrate 53. Next, the substrate 53 1s selectively removed so
as to form a cap region 67 of larger dimensions than the rotor
58, but of smaller dimensions than the chip housing the
circuit 40, obtained after cutting the wafers 1, 10. In this
way, the cap region 67 covers the rotor 538 from the back,
protecting 1t mechanically, but leaves the plug regions 64
free.

Finally, the contacts 29 and the electric connection lines
30 are formed, which, 1n this embodiment, contact directly
the silicon of the epitaxial layer 54. In particular, in the
example 1llustrated 1n FIG. 19, an electric connection line 30
connects a region (not shown), arranged inside the fixed part
and 1s electrically connected to the rotor 38, to the plug
region 64 on the left, and thus to the circuit 40. A ball-and-
wire connection on the right instead enables connection of
the circuit 40 to the outside.
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When the acceleration sensor 8 1s to be kept at low
pressure, for example to reduce friction with air during
movement, a sealing region 49 may be provided which
surrounds the area of the acceleration sensor 8, then the first
waler 1 may be bonded to the second water 10 in vacuum
conditions, as already described with reference to FIG. 12.

The advantages of the process and structures described

arc evident from the above. In particular, they enable
mechanical connection of two bodies of semiconductor

material, 1n particular of monocrystalline silicon, arranged
on one another, and at the same time the electrical connec-
fion of a structure or circuit formed 1n the underlying body,
which 1s covered by the overlying body, to the outside or to
a structure made 1n the overlying body; or else, they enable
clectrical connection of the underlying body to regions
arranged above the overlying body, without requiring com-
plicated and costly processes to be carried out from the back,
without damaging the structures and circuits already made,
and applying single manufacture steps that are commonly
used 1n the manufacture of waters of semiconductor material
for forming micro-electromechanical structures.

The described solutions moreover make it possible, when
necessary, to i1solate preset areas of the underlying body
and/or of the overlying body from the outside environment,
for example to enclose delicate elements 1n a low-pressure
environment, and/or to 1solate and prevent contamination of
these elements during manufacture, for example cutting
semiconductor material wafers, during subsequent manipu-
lation steps, and during use.

Finally, it 1s clear that numerous modifications and varia-
tions may be made to the connection structure, the compos-
ite structure, and to the manufacture process described and
illustrated heremn, all falling within the scope of the
invention, as defined 1n the attached claims. In particular, the
present connection structure may be used for a wide range
of applications, both for the connection of electronic circuits
integrated 1n two or more different substrates, and for the
connection of micro-electromechanical structures of various
kinds to biasing/control/sensing circuits associated to the
micro-electromechanical structures. The present connection
structure may be used for connecting a high number of
substrates, according to the requirements and to general
considerations of a mechanical/electrical nature.

What 1s claimed 1s:
1. A process for manufacturing a composite structure,

comprising:

forming in a first wafer of monocrystalline semiconductor
material a plug region of the monocrystalline semicon-
ductor material surrounded by an insulation region
extending 1n the first wafer;

forming an electromechanical-connection region of con-
ductive material on a second wafter of semiconductor

material, and aligned with said plug region;

bringing said first wafer and said second wafer close
together, bringing said plug region into contact with
said electromechanical-connection region; and

fixing said first wafer and said second wafer through said
clectromechanical connection region and said plug
region.

2. The process of claim 1, further comprising;:

initially forming said msulation region in said first wafer,
said 1nsulation region partially extending inside said
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first wafer from a first surface of said first wafer and
laterally delimiting said plug region;
turning said first wafer upside down to bring said first

surface of said first wafer 1n a facing position with said
second wafer; and

thinning said first wafer from a second surface, opposite
to the first surface, until said insulation region 1is
reached.

3. The process of claim 2, wherein said forming said
insulation region further comprises:

forming 1solation trenches 1n said first wafer; and

at least partially filling said 1solation trenches with insu-
lating material.
4. The process of claim 3, further comprising forming

trenches delimiting a micro-electromechanical structure 1n
said first wafer, and forming an electronic circuit 1 said
seccond wafer before forming said electromechanical-
connection region.

5. The process of claim 1, further comprising:

forming a first insulation portion of said insulation region
In a substrate of semiconductor material, said first
insulation portion partially extending inside said sub-
strate from a surface of said substrate, and laterally
delimiting a first plug portion of said plug region;

orowing an epitaxial layer from said surface of said
substrate;

forming at least one second insulation portion of said
insulation region in said epitaxial layer, said second
insulation portion extending throughout the thickness
of said epitaxial layer and delimiting a second plug
portion of said plug region which i1s substantially
aligned and 1n electrical contact with said first plug
portion;

fixing said second plug portion to said second wafer;

thinning said substrate until said first insulation portion;
and

forming contact regions on a free face of said substrate.
6. The process of claim 1, further comprising:

on a substrate of said first wafer, growing an epitaxial
layer;

forming said 1nsulation region 1n said epitaxial layer, said
insulation region extending throughout the thickness of
said epitaxial layer and delimiting said plug region;

forming a device to be protected m said epitaxial layer;

fixing said epitaxial layer of said first water to said second
waler through said plug region;

selectively removing said substrate to form a cap region
covering said device to be protected, and freeing said
plug region; and

forming contact regions above said plug region.

7. The process according to claim 1, wherein said step of
fixing said first water to said second wafer 1s carried out in
vacuum conditions and further comprises forming a sealing
region between said first waler and said second wafer.

8. The process according to claim 1, wherein said con-
ductive material of said electromechanical connection
region 15 a metal, and said fixing further comprises causing
said metal of said electromechanical-connection structure to
react with said semiconductor material of said plug region.

9. A process for manufacturing a composite structure,
comprising;

forming in a substrate of a first wafer of monocrystalline

semiconductor material a first plug region surrounded
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by a first insulation region extending in the substrate
from a surface of the substrate;

growling an epitaxial layer on the surface of the substrate;

forming in the epitaxial layer a second plug region that
extends completely through the epitaxial layer and 1s
clectrically connected to the first plug region;

forming 1n the epitaxial layer a second insulation region
surrounding the second plug region;

forming an electromechanical-connection region of con-
ductive material on a second wafter of semiconductor
material, and aligned with the second plug region;

bringing the second plug region into contact with the
electromechanical-connection region; and

fixing the first wafer to the second water through the
clectromechanical connection region and the second
plug region.

10. The process of claim 9, further comprising;:

initially forming the first insulation region in the first
wafer, the 1nsulation region partially extending inside
the first waler from a first surface of the first wafer and
laterally delimiting the first plug region;

turning the first water upside down to bring the first
surface of the first wafer in a facing position with the
second wafer; and

thinning the first wafer from a second surface, opposite to
the first surface, until the msulation region 1s reached.
11. The process of claim 9, further comprising forming

trenches delimiting a micro-electromechanical structure 1n
the first wafer, and forming an electronic circuit in the
second wafer before forming the electromechanical-
connection region.

12. The process of claim 9, further comprising:

forming a device to be protected 1n the epitaxial layer;

selectively removing the substrate to form a cap region
covering the device to be protected, and freeing the first

plug region; and

forming a contact region above the first plug region.

13. The process according to claim 9, wherein the step of
fixing the first waler to the second wafer 1s carried out in
vacuum conditions and further comprises forming a sealing
region between the first wafer and the second wafer.

14. The process according to claim 1, wherein the con-
ductive material of the electromechanical connection region
1s a metal, and the fixing further comprises causing the metal
of the electromechanical-connection structure to react with
the semiconductor material of the plug region.

15. A process for manufacturing a composite structure,
comprising:

forming in a first wafer of monocrystalline semiconductor
material a plug region of the monocrystalline semicon-
ductor material surrounded by an insulation region
extending 1n the first wafer;

forming an electromechanical-connection region of con-
ductive material on a second water of semiconductor
material, and aligned with the plug region;

bringing the plug region into contact with the
clectromechanical-connection region;

forming a sealing region surrounding the
clectromechanical-connection region and having a
closed shape; and

fixing the first wafer to the second water through the
sealing region and through a connection between the
clectromechanical-connection region and the plug
region.
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16. The process of claim 15, further comprising:

initially forming the insulation region in the first wafer,
the 1nsulation region partially extending inside the first
waler from a first surface of the first water and laterally
delimiting the plug region;

turning the first wafer upside down to bring the first
surface of the first wafer in a facing position with the

second wafer; and

thinning the first wafer from a second surface, opposite to
the first surface, until the 1nsulation region 1s reached.
17. The process of claim 15, further comprising:

forming a first insulation portion of the insulation region
1n a substrate of semiconductor material, the first 1nsu-
lation portion partially extending inside the substrate
from a surface of the substrate, and laterally delimiting
a first plug portion of the plug region;

orowlng an epitaxial layer from the surface of the sub-
strate;

forming at least one second insulation portion of the
insulation region 1n the epitaxial layer, the second
insulation portion extending throughout the thickness
of the epitaxial layer and delimiting a second plug
portion of the plug region which 1s substantially aligned
and 1n electrical contact with the first plug portion;

fixing the second plug portion to the second wafer;
thinning the substrate until the first insulation portion; and
forming contact regions on a free face of the substrate.
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18. The process of claim 15, further comprising;:

on a substrate of the first waler, growing an epitaxial
layer;
forming the insulation region in the epitaxial layer, the

insulation region extending throughout the thickness of
the epitaxial layer and delimiting the plug region;

forming a device to be protected 1n the epitaxial layer;

fixing the epitaxial layer of the first wafer to the second
wafer through the plug region;

selectively removing the substrate to form a cap region
covering the device to be protected, and freeing the
plug region; and

forming contact regions above the plug region.

19. The process according to claim 15, further comprising
forming a filter in the second wafer, wherein the step of
fixing the first wafer to the second wafer 1s carried out 1n
vacuum conditions, thereby vacuum encapsulating the filter.

20. The process according to claim 15, wherein the
conductive material of the electromechanical connection

region 15 a metal, and the fixing further comprises causing
the metal of the electromechanical-connection structure to
react with the semiconductor material of the plug region.
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